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(57) ABSTRACT 
An alarm system for transmitting an alarm signal be 
tween remote locations utilizing frequency shift keying 
over conventional power lines. The alarm system in 
cludes a transmitter having a nominal frequency and 
circuitry for modulating the transmitter frequency. 
Upon detection of an alarm condition the modulating 
circuitry is disabled. A receiver is provided and has 
circuitry for detecting the presence or absence of modu 
lation of the transmitter frequency. The receiver gener 
ates an alarm signal upon detection of absence of modu 
lation and power failure of the system. The alarm signal 
is time-delayed to prevent nuisance alarms. 

9 Claims, 6 Drawing Figures 
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FAIL-SAFE ALARM SYSTEM UTILIZENG 
FREQUENCY MODULATED SIGNAL DETECTION 

BACKGROUND OF THE INVENTION 

The present invention relates broadly to an alarm 
system for monitoring the presence or absence of alarm 
conditions at a remote location. In particular, the pres 
ent invention is an alarm system that includes a trans 
mitter positioned at a remote location and connected to 
a receiver over conventional power or communication 
lines. The transmitter generates a signal representative 
of the presence of absence of an alarm condition and the 
generated signal is received and processed at the moni 
toring location by the receiver. 

It is often desirable to monitor conditions at remote 
locations for detection of conditions that require atten 
tion. For example, in agricultural applications it is often 
desirable to monitor a plurality of conditions within 
lifestock confinement buildings. Such buildings are typ 
ically located some distance from the dwelling or resi 
dence of the cattleman or farmer and it is imperative 
that he be alerted upon occurrence of an abnormal 
condition within the livestock confinement area. In 
addition to fire detection, the cattleman or farmer may 
also want to monitor temperature, water pressure, pres 
ence or absence of power, and the opening of the door 
or windows of the confinement building. It is also desir 
able that the alarm at the monitoring location not be 
triggered in response to spurious nuisance alarm signals, 
such as a brief power failure. Additionally, it is also 
desirable to have an alarm system which will also be 
triggered upon loss of power at the monitoring location. 
If such a feature is not provided, alarm conditions at the 
monitored location may go undetected for a significant 
period of time resulting in extensive damage to the 
livestock. For example, if the temperature in the con 
finement building were allowed to increase above the 
desirable range without detection, the livestock may be 
subjected to severe stress and, perhaps, even death. 
Alarm systems which have receivers and transmitters 

connected over conventional power lines are known in 
the prior art. Typically such prior art systems include 
continuous wave transmission at a predetermined fre 
quency. Such systems are particularly susceptible to 
AC line noise. One prior art system also incorporates 
amplitude modulation in the transmission and detection 
circuitry. Amplitude modulated signals, however, are 
more prone to noise interference than frequency modu 
lated systems. Additionally, the prior art systems have 
no provision for monitoring loss of power at the re 
ceiver or monitoring location. 
The present invention eliminates the disadvantages of 

the prior art alarm systems in that it incorporates fre 
quency shift keying in a substantially fail-safe system 
which generates an alarm in response to the detection of 
an alarm condition at the transmitter location and also 
generates an alarm in response to power failure at either 
the transmitter or receiver. The alarm system of the 
present invention operates with a modulated radio fre 
quency signal connected over conventional power lines 
between the receiver and transmitter. The alarm system 
is therefore essentially immune from AC line noise. 
The alarm system of the present invention also includes 
time delay circuitry that functions to generate a valid 
alarm indication only after a predetermined time delay 
following detection of an alarm condition or power 
failure. Nuisance alarms are thereby eliminated in the 
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2 
present invention. The alarm system of the present in 
vention is readily adaptable for monitoring a plurality of 
conditions at a remote location. Each such condition is 
provided with independent receiver and transmitter 
circuitry operating on different nominal frequencies or 
channels. 

SUMMARY OF THE INVENTION 
The present invention is an alarm system for transmit 

ting an alarm signal between remote locations and in 
cludes a transmitter having a means for generating a 
first signal in response to the detection of an alarm con 
dition. A receiver at a monitoring location is connected 
to the transmitter and has circuit means for detecting 
the first signal and generating a second signal represen 
tative of an alarm condition. An alarm trigger circuit is 
provided and has a circuit means responsive to the sec 
ond signal and to the loss of power at the transmitter or 
receiver for generating a time delay alarm signal. 

In the preferred embodiment, the transmitter includes 
the frequency generator for generating an output signal 
at a predetermined nominal frequency. A frequency 
modulator means is provided to modulate the transmit 
ter output signal about the nominal frequency. The 
transmitter further includes a circuit means that is re 
sponsive to the presence of an alarm condition to dis 
able the frequency modulator means whereby the trans 
mitter output signal is a singal having a nominal unmod 
ulated frequency. A receiver is connected to the trans 
mitter over conventional power lines and has circuit 
means for detecting the presence or absence of modula 
tion of the output signal of the transmitter in generating 
a signal representative thereof. An alarm trigger circuit 
means is responsive to the signal generated by the detec 
tion circuit means of the receiver and to loss of power in 
the transmitter or receiver for generating a time delay 
signal representative of an alarm condition. 
The alarm trigger circuit includes, in the preferred 

embodiment, a P-N-P transistor having its emitter con 
nected to a source of positive potential of a first value 
provided by a battery. The base of the transistor is 
connected to a voltage divider which is in parallel with 
a capacitor. Circuit means are provided for applying 
second and third voltage potentials to the capacitor as a 
function of alarm conditions or power failure. The sec 
ond potential has a value greater than the first potential 
applied to the emitter and maintains the capacitor fully 
charged. The voltage divider connected in parallel with 
the capacitor applies a potential to the base of the tran 
sistor greater than the first potential on the emitter, 
maintaining the transistor off. This condition corre 
sponds to a non-alarm condition. Upon detection of an 
alarm condition or failure of power, the third potential, 
i.e., zero volts, is applied to the parallel connected ca 
pacitor and voltage divider. The capacitor thereby dis 
charges through the voltage divider until the voltage on 
the base of the transistor is less than the voltage applied 
to the emitter whereby the transistor turns on and after 
a predetermined time delay fixed by the RC time con 
stant of the transistor biasing circuit generates the signal 
indicating an alarm. 
The frequency generator in the receiver is a ceramic 

resonator having a nominal frequency. A capacitor is 
connected in parallel with the resonator through a 
switch which is turned on and off by a modulating 
signal. The output signal of the generator therefore, has 
a frequency that is modulated at a rate corresponding to 
the frequency of the modulating signal. The modulating 
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signal is disabled in response to detection of an alarm 
condition by shunting the modulating signal to bypass 
the switch means. 
From the above description, it can be appreciated 

that the present invention eliminates a number of the 
significant disadvantages of the prior art systems in that 
it is a frequency modulated system substantially immune 
from AC line noise. Additionally, the alarm system of 
the present invention is failsafe in that it provides for an 
alarm signal in response to loss of power at the transmit 
ter and receiver in addition to detection of a specific 
alarm condition. The alarm system of the present inven 
tion is easily adaptable to multiple channel operation, 
each channel having an independent nominal frequency 
and associated with a separate monitored condition. 
These and other advantages of our invention will be 
come apparent with reference to the accompanying 
drawings, detailed description of the preferred embodi 
ment, and claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. is a block diagram representation of the alarm 
system of the present invention; 
FIG. 2 is a detailed schematic of the transmitter of the 

present invention in the continuous run mode of opera 
tion; 
FIG. 2A illustrates schematically an alternative trans 

mit-upon-command mode of operation of the transmit 
ter shown in FIG. 2; 
FIG. 3 is a detailed schematic of the receiver of the 

alarm system of the present invention; 
FIG. 3A is a schematic diagram of a portion of the 

receiver circuit shown in FIG. 3 illustrating an alterna 
tive transmit-upon-command mode of operation; and 
FIG. 4 graphically illustrates waveforms at various 

locations in the schematic of FIG. 2 and FIG. 3. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to the drawings, wherein like numerals 
represent like parts throughout the several views, FIG. 
1 illustrates in block diagram form the alarm system 
incorporating the present invention. The alarm system 
includes a transmitter designated generally as 10, a re 
ceiver designated generally as 12, and an alarm circuit 
14. Transmitter 10 includes sensor inputs 16 that are 
connected to appropriately selected sensing devices 
(not shown) to monitor selected conditions at a desired 
location. For example, the present invention is particu 
larly applicable in livestock confinement buildings 
wherein it may be desirable to monitor temperature 
within the building, whether or not power is being 
supplied to the building, whether or not the building 
door is open or closed, and other environmental condi 
tions within the confinement area. The present inven 
tion, of course, is not limited to livestock confinement 
buildings and has applicability in general as an alarm 
system for monitoring remote locations. Transmitter 10 
also includes a modulator circuit 18 which is connected 
to a frequency generator 20, Frequency generator 20 
produces an output signal which is transmitted along 
conventional power lines or communication lines 22 to 
receiver 12 at a monitoring location. Typically, in the 
application to livestock confinement buildings, receiver 
12 will be located in the rancher's or farmer's home. 
Transmitter 10 includes a modulator disable circuit 24 
connected to sensor inputs 16 to receive a signal there 
from indicative of an alarm condition. Modulator dis 
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4. 
able circuit 24 is connected to modulator circuit 18 to 
regulate the effect of modulator circuit 18 on generator 
20. As will be described in more detail hereafter, under 
normal or non-alarm conditions, modulator circuit 18 
modulates the frequency of the output signal of genera 
tor 20 that is supplied over lines 22 to receiver 12. 

Receiver 12 includes a demodulator and rectifier 
circuit 26 which receives the frequency modulated sig 
nal from transmitter 10 on lines 22. Demodulator and 
rectifier circuit 26 is connected to a time delay circuit 28 
and provides an output signal to time delay circuit 28 
that is representative of the presence or absence of mod 
ulation of the frequency signal from transmitter 10. 
Demodulator and rectifier circuit 26 detects the pres 
ence or absence of modulation in the signal from trans 
mitter 10 and generates an output signal applied to time 
delay circuit 28 which is representative of the presence 
or absence of such modulation. Receiver 12 also in 
cludes an integral DC power supply and charger circuit 
30 which is connected to time delay circuit 28 and alarm 
circuit 14 to provide a source of DC power thereto. As 
will be described in more detail hereafter, power supply 
and charger circuit 30 provides a source of DC power 
to time delay circuit 28 and alarm circuit 14 so that an 
alarm signal will be generated upon the loss of power in 
addition to detection of an alarm condition by sensor 
inputs 16. Alarm circuit 14 has an output line 32 con 
nected to a speaker or horn that emits an audible signal 
under alarm conditions. A second output line 34 may be 
provided for connection to a telephone dialer circuit 
which will dial a preselected number when an alarm is 
indicated. For example, in the application to livestock 
confinement buildings the preselected number could be 
that of a convenient neighbor of the farmer who would 
be alerted of the alarm in the event that the farmer is not 
home when the alarm is triggered. 
FIG. 2 illustrates in greater detail the elements com 

prising transmitter 0 in the preferred embodiment. 
Frequency generator 20, as shown in dashed lines in 
FIG. 2, includes a ceramic resonator controlled oscilla 
tor 36 connected through a capacitor 38 to ground and 
to the base of a transistor oscillator 40. Transistor 40 has 
a grounded emitter with its collector connected to a 
resistor 42 to a positive DC potential applied on line 44. 
The base of transistor 40 is also connected through a 
resistor 46 in series with a capacitor 48 to line 44. Reso 
nator 36 is in parallel with resistor 46 and generates a 
signal at a selected nominal frequency. In the preferred 
embodiment, resonator 36 has a nominal frequency 
between 200 and 240 KHz. A signal having the nominal 
frequency of ceramic resonator 36 appears on the col 
lector of transistor 40 at junction point 50. The signal at 
point 50 is fed through a capacitor 52 and resistor 54 to 
the base of a buffer amplifier transistor 56. A resistor 58 
is connected between the base of transistor 56 and 
ground. The emitter of transistor 56 is also connected to 
ground while the collector is connected to line 44 
through a load resistor 60. The signal on the collector of 
transistor 56 is an amplified signal also having the nomi 
nal frequency of ceramic resonator 36. This signal is 
applied through capacitor 62 and resistor 64 to the base 
of an output amplifier 66. Resistor 68 is connected be 
tween the base of transistor 66 and ground while the 
emitter of transistor 66 is also connected to ground. The 
output signal on the collector of transistor 66 is a further 
amplified signal having the nominal frequency of the 
ceramic resonator. This signal is applied to the resonant 
adjustable transformer 70 which includes a primary coil 
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72 and a secondary coil 74. Transformer 70 also in 
cludes a primary coil capacitor 76 and a blocking capac 
itor 78. The signal from the collector of transistor 66 is 
applied to primary coil 72 and is transmitted through 
secondary coil 74 and blocking capacitor 78 to lines 80 
and 82 which are connected to conventional power line 
22 in the preferred embodiment. 
Modulator circuit 18 includes a conventional inte 

grated circuit timer chip 84 which is selected to gener 
ate a square wave output signal at a modulating fre 
quency. The modulating frequency in the preferred 
embodiment is 15 Hz. The output signal from timer chip 
84 is fed through resistors 86 and 88 to the base of a 
transistor 90. Timer chip 84 can be selected from a 
number of conventional chips manufactured by various 
companies. One such circuit chip is made by Motorola 
and carries the designation NE 555. The associated 
timer chip circuitry includes resistor 92, resistor 94, and 
capacitor 96. Transistor 90 has its emitter connected to 
ground and its collector through a capacitor 98 to one 
terminal of ceramic resonator 36. The 15 Hz input signal 
on the base of transistor 90 functions to turn transistor 
90 on and off at a 15 Hz rate. When transistor 90 is 
turned on, capacitor 98 is connected through the collec 
tor and emitter of transistor 90 to ground. Capacitor 98 
is therefore connected in parallel with ceramic resona 
tor 36 when the transistor 90 is on. Capacitor 98 has a 
value selected to drop the frequency of the signal gener 
ated by ceramic resonator 36, approximately 500 Hz, 
during the period of time that transistor 90 is on. When 
transistor 90 is turned off, capacitor 98 is disconnected 
from ground and the signal generated by ceramic reso 
nator 36 returns to the nominal frequency. Thus, it can 
be seen that the modulation of the output signal from 
generator 20 occurs at a 15 Hz rate. 
Modulator disable circuit 24 includes a switching 

transistor 100 having its base connected to a resistor 102 
to line 44. The base of transistor 100 is also connected to 
a signal input contact 102. Transistor 100 has a 
grounded emitter and its collector is connected at junc 
tion point 104 between resistors 86 and 88. Transistor 
100 also has a collector signal input terminal 106 and an 
emitter signal input terminal 108. The modulation of the 
frequency signal generated by ceramic resonator 36 is 
disabled by shunting the 15 Hz modulation signal gener 
ated by time chip 84 from junction point 104 to ground. 
In one embodiment, input contacts 102 and 108 may be 
connected to a sensor input which maintains the 
contacts normally closed. With contacts 102 and 108 
closed, the potential on the base of transistor 100 is 
essentially zero and transistor 100 remains off. When, in 
response to an alarm condition, the contacts 102 and 108 
are opened, a biasing DC potential is applied to the base 
of transistor 100 through biasing resistor 102 turning 
transistor 100 on. Junction point 104 is thus shunted to 
ground thereby shunting the modulating 15 Hz signal to 
ground. When the modulating signal is thereby shunted 
to ground, transistor 90 remains off and the signal gen 
erated by ceramic resonator 36 remains at the nominal 
frequency of the resonator. 

In an alternative embodiment, input contacts 106 and 
108 may be connected to a sensor input which maintains 
the contacts normally open. In this embodiment, resis 
tor 102 may be eliminated. When contacts 106 and 108 
are closed in response to the detection of an alarm con 
dition, junction point 104 is connected directly to 
ground. The 15 Hz modulating signal is thereby con 
nected directly to ground and thus the frequency modul 
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6 
lation of the signal produced by ceramic resonator 36 is 
terminated. 

Transmitter 10 also includes a rectifier circuit desig 
nated generally as 110. Rectifier circuit 110 includes a 
transformer 112, a rectifier 114, an operational amplifier 
116 and capacitors 118 and 120. Rectifier 114 and ampli 
fier 116 are commercially available components. Appli 
cable rectifier 114 and amplifier 116 devices are manu 
factured by General Instrument under the designation 
W005M and Fairchild 78L12, respectively. Rectifier 
circuit 110 is connected to the power lines 22 and pro 
vides a 12 volt DC potential to line 44. The 12 volt 
potential is also connected by line 122 to capacitor 76. 
The above description of transmitter 10 has been with 

reference to the continuous run mode of operation. In 
the transmit-upon-command mode of operation, a 
switching transistor 124 has its collector connected to 
the collector of transistor 56 at junction point 126. The 
base of transistor 124 is connected through a biasing 
resistor 128 to line 44. The emitter of transistor 124 is 
grounded. Transistor 124 has a pair of input terminals 
130 and 132 connected to the base and emitter respec 
tively. Contacts 130 and 132 in the transmit-on-com 
mand mode of operation are normally open. Thus, a 
positive DC potential is applied to base 124 turning 
transistor 124 on. Junction point 126 is thereby shunted 
to ground through the collector and emitter of transis 
tor 124. The output signal from transistor 56 is therefore 
shunted to ground. When it is desirable to transmit, 
contacts 130 and 132 are closed dropping the potential 
at the base of transistor 124 substantially to zero turning 
off transistor 124 and permitting the output signal of 
transistor 56 to pass to output amplifier 66. In the trans 
mit-on-command mode of operation, contacts 130 and 
132 may be closed in any selected fashion, such as a 
switch either manually operated or operable upon de 
tection of an alarm condition. 

In either the continuous run or transmit-on-command 
mode of operation, the output signal from transistor 66 
is connected through transformer 70 to the conven 
tional power lines 22 where it is received by receiver 12 
which is illustrated in more detail in FIG. 3. Receiver 12 
also includes a rectifier circuit designated generally as 
134. Rectifier circuit 134 includes a transformer 136 
connected to the power lines 22, a rectifier circuit 138, 
a diode 140, an integrated circuit 142 and capacitors 
144, 146 and 148. Rectifier 134 provides a 12 volt DC 
potential on conductors 152 and 154. 
Power supply and charger circuit 30 includes a bat 

tery 156 which in the preferred embodiment is a six volt 
DC power source. Power supply and charger 30 also 
includes a conventional trickle charger circuit 158 hav 
ing a transistor 160. The collector of transistor 160 is 
connected through a resistor 162 to conductor 152 and 
the source of DC potential from rectifier 134. The emit 
ter of transistor 160 is connected to the positive poten 
tial terminal of battery 156. The base of transistor 160 is 
connected through a resistor 164 to conductor 162 and 
through a zener diode 166 and variable resistor 168 to 
ground. A manually operable switch 170 establishes 
electrical continuity between battery 156 and a conduc 
tor 172. A resistor 174 and light emitting diode 176 are 
connected between conductor 172 and ground to pro 
vide a visual indication of the sufficiency of the charge 
on battery 156. Trickle charging circuit 158 maintains 
battery 156 at the desired operating potential. 

Demodulator and rectifier circuit 26 is connected to 
the conventional power lines 22 through a capacitor 178 
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and a resonant transformer 180. The signal on the sec 
ondary of resonant transformer 180 is applied to a filter 
circuit 182 that includes parallel connected capacitors 
184 and 186 and an input filter resonator 188. A resistor 
190 is connected between capacitor 184 and resonator 
188 and circuit 182 has an output capacitor 192. The 
filtered signal output offilter circuit 182 is applied to the 
base of a transistor amplifier 194. A biasing resistor 196 
is connected between the base and collector of transis 
tor 194. The collector of transistor 194 is also connected 
through a collector resistor 198 to conductor 154 to 
which is applied the 12 volt DC source of positive po 
tential. Transistor 194 also has an emitter resistor 200. 
The amplified signal from transistor 194 is applied 
through a capacitor 202 to the input of an integrated 
circuit chip 204. Connected across the input of inte 
grated circuit chip 204 is a series connected resistor 206 
and capacitor 208 and a grounded ceramic resonator 
210 which functions as a filter. Integrated circuit chip 
204 is a conventional commercially available FM re 
ceiver subsystem and includes an FM IF amplifier 
limiter, a differential peak detector, and an audio pream 
plifier. Integrated circuit chip 204 has a detector stage 
212 that includes parallel connected resistor 214, ce 
ramic reasonator 216 and capacitor 218 connected in 
series to ground with a capacitor 220. The output signal 
from integrated circuit chip 204 appearing at C is the 
recovered 15 Hz square wave modulating signal gener 
ated by modulator circuit 18 of transmitter 10. This 
signal is applied through capacitor 224 and resistor 226 
to the base of a transistor 228. A capacitor 230 is con 
nected between the base of transistor 228 and ground 
and a resistor 232 is connected between the base of 
transistor 228 and the transistor collector. The transis 
tor collector is also connected through resistor 234 to 
conductor 154. The emitter of transistor 228 is 
grounded through resistor 236. The output signal of 
transistor 228 appearing at D is a 5 volt peak-to-peak 
square wave having a frequency of 15 Hz. This signal is 
applied through capacitor 240 to a rectifying and filter 
ing circuit consisting of diodes 244 and 246 and capaci 
tor 248. The signal produced at E is, therefore, a step 
voltage of two to three volts DC. This signal is applied 
through a resistive biasing network including resistors 
252 and 254 and a diode 256 to the base of a switching 
transistor 258. The emitter of switching transistor 258 is 
grounded and the collector is connected through the 
resistor 260 to the source of positive potential on con 
ductor 154. The output signal on collector of transistor 
258 is applied over conductor 262 to time delay circuit 
28. 
Time delay circuit 28 includes a switching transistor 

264 having a grounded emitter and a collector con 
nected to resistor 266 to the 12 volt DC source of poten 
tial on conductor 152. The collector of transistor 264 is 
also connected at junction point 268 through a diode 
270 to a biasing circuit 272 associated with a transistor 
274. Biasing circuit 272 includes a capacitor 276 and 
voltage dividing resistors 278 and 280 connecting to the 
base of transistor 274. Transistor 274 is a P-N-P transis 
tor having its emitter connected to line 172 on which is 
applied the 6 volt DC potential from power source 156. 
The collector of transistor 274 is connected to ground 
through a voltage divider resistor pair 282 and 284. An 
output capacitor 286 is connected in parallel with resis 
tor 284. A signal indicative of alarm conditions is ap 
plied on line 288 to a conventional alarm circuit 14 that 
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8 
includes an audible alarm, typically in the form of a 
horn. 

FIG. 3A illustrates an alternative circuit for the trans 
mit-on-command mode of operation. In particular, a 
signal inverting transistor 300 is provided having its 
collector connected to junction 268, a grounded emit 
ter, and a base connected through resistor 302 to the 
collector of transistor 264. The collector of transistor 
264 is disconnected from junction 268. In this mode of 
operation transistor 258 will normally be OFF and tran 
sistor 264 is normally ON. With transistor 264 ON, 
transistor 300 is held OFF, thereby applying a 12 volt 
potential at junction 268 maintaining capacitor 276 fully 
charged. When transistor 258 turns ON in response to 
an alarm condition in the transmit-on-command mode 
of operation, transistor 264 turns OFF and transistor 
300 turns ON dropping the potential applied at junction 
268 and allowing capacitor 276 to discharge. 
The operation of the invention will now be described 

with particular reference to FIGS. 2-4 in the continu 
ous run mode. Integrated circuit timer chip 84 generates 
a 15 Hz square wave signal at A. The waveform at A is 
shown in FIG. 4. Under normal or non-alarm condi 
tions the square wave signal at A applied to the base of 
transistor 90 turning transistor 90 ON and OFF at the 15 
Hz rate. When transistor 90 is ON, capacitor 98 is 
placed in parallel with ceramic resonator 36 dropping 
the frequency at B approximately 500 Hz. When transis 
tor 90 is OFF, the frequency of the signal at B is the 
nominal frequency of ceramic resonator 36. The wave 
form of the signal at B is illustrated in FIG. 4. Thus, as 
long as the 15 Hz signal is applied to transistor 90 the 
frequency of the signal at B will be periodically shifted 
at a 15 Hz rate. As previously mentioned, typical nomi 
nal frequency of ceramic resonator 36 is 200 KHz. The 
output signals of transistors 56 and 66 are amplified 
signals having the frequency characteristics of the 
waveform shown in FIG. 4B. The frequency shifted 
output signal from transistor 66 is connected through 
transformer 70 to the conventional power lines 22. It is 
to be understood that it is contemplated that the signal 
between transmitter 10 and receiver 12 could be trans 
mitted over other conventional available communica 
tion lines, such as telephone lines. 
Upon detection of an alarm condition at the transmit 

ter, the modulating 15 Hz signal at A is shunted be 
tween junction point 104 and ground through switching 
transistor 100. Transistor 90 therefore remains OFF 
during alarm conditions and the signal at B has the 
non-shifted nominal frequency of ceramic resonator 36. 
Therefore, under an alarm condition the output signal 
from transistor 66 which is applied over power lines 22 
is a signal having the nominal frequency of resonator 36. 
The signal on power lines 22 is coupled through reso 

nant transformer 180 to an input filter circuit 182. The 
output of filter circuit 182 is amplified and fed to inte 
grated circuit chip 204. As previously mentioned, inte 
grated circuit chip 204 is a conventional FM receiver 
Subsystem, for example, one commercially available 
chip is manufactured by RCA with Model No. CA3075. 
A ceramic resonator 216 is utilized in the external detec 
tor subsystem in place of a conventional RLC circuit. 
Ceramic resonator 216 provides a more stable and accu 
rate detector since it will not shift frequency as a func 
tion of temperature and handling. 

Resistor 214 broadens the bandwidth resonator 26 
and capacitor 218 lowers the resonant frequency of 
resonator 216 so that the detector circuit has the same 
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mid-frequency as transmitter resonator 36 and filter 
resonators 188 and 210. Capacitor 220 is provided to 
increase the amplitude of the recovered 15 Hz modula 
tion signal. 
The output of integrated circuit chip 204 will be a 15 

Hz square wave signal under non-alarm conditions. The 
waveform of the signal output at C is shown in FIG. 4. 
This signal is applied to transistor 228 which generates 
the 5 volt peak-to-peak 15 Hz signal at D as illustrated 
in FIG. 4. The signal at D is rectified to generate a 2 to 
3 volt step voltage at E as shown in FIG. 4. As previ 
ously mentioned, the 2 to 3 volt signal at E is sufficient 
under non-alarm conditions to maintain switching tran 
sistor 258 ON. When transistor 258 is ON the base of 
transistor 264 is essentially grounded maintaining tran 
sistor 264 OFF. 
With transistor 264 OFF a positive 12 volt DC poten 

tial appears at junction 268 which is applied through 
rectifier 270 to charge capacitor 276. In the preferred 
embodiment, capacitor 276 is selected to be 220 micro 
farads and resistors 278 and 280 are typically 220K and 
330K respectively. Resistors 278 and 280 divide the 12 
volt positive potential on capacitor 276 such that a 
potential of 8 volts DC appears on the base of transistor 
274. The emitter of transistor 274 is connected by con 
ductor 172 to a positive 6 volt DC potential generated 
by battery 156. Transistor 274 is thus reverse-biased 
since the positive voltage on the base is greater than the 
voltage on the emitter. Transistor 274 during non-alarm 
condition is therefore turned OFF. Capacitor 276 is an 
electrolytic capacitor and remains charged under nor 
mal or non-alarm conditions. The effective life of capac 
itor 276 is thereby increased. 
Upon receipt of an alarm signal at the receiver, the 

signal transmitted over lines 22 through receiver 12 
from transmitter 10 does not have a frequency shift, i.e., 
has the nominal frequency of ceramic resonator 36. 
Thus, there is no modulation signal of 15 Hz frequency 
to be recovered by integrated circuit chip 204. Thus 
there is no output signal at C,D,E. With no positive 
biasing potential on the base of transistor 258, transistor 
258 turns OFF. With transistor 258 OFF, a positive 
biasing potential is applied through resistor 260 to the 
base of transistor 264. Transistor 264 turns ON and the 
voltage at junction point 268 foes substantially to zero. 
The charge on capacitor 276 begins to discharge 
through resistors 278 and 280. As capacitor 276 dis 
charges, the positive potential applied to the base of 
transistor 274 begins to decrease. When the positive 
potential on the base of transistor 274 reaches approxi 
mately 5.4 volts, transistor 274 is turned on by the 
higher positive potential of 6 volts DC applied to its 
emitter from battery 156. When transistor 274 turns on 
an output signal is generated through voltage dividing 
resistors 284 and 282. The output signal is connected by 
a line 288 to an alarm. The values of capacitor 276 and 
resistors 278 and 280 are selected such that the nominal 
delay between the time at which the modulation of the 
signal from the receiver is terminated to the time at 
which an alarm signal is generated on line 288 is approx 
imately 60 seconds. This 60 second time delay elimi 
nates nuisance alarms that might otherwise trigger the 
alarm circuit. If the alarm system remains in the alarm 
condition for a period of time greater than 60 seconds 
one can be reasonably assured that the alarm signal 
represents a genuine alarm condition. 

In the alarm system of the present invention, a loss of 
power will also trigger an alarm. In particular, upon 
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10 
power failure the 12 volts DC potential applied through 
diode 270 to capacitor 276 goes to zero. As in the case 
of the detection of an alarm condition at the receiver, 
capacitor 276 will discharge until, after a nominal 60 
second delay, transistor 274 turns on. The 6 volt DC 
potential applied to the emitter of transistor 274 is gen 
erated by battery 156 that is unaffected by power fail 
ures. The charge on battery 156 is maintained by trickle 
charging circuit 158 and light emitting diode 156 pro 
vides a visual indication of adequate power remaining in 
battery 156. Time delay circuit 28 substantially elimi 
nates false alarms due to momentary power failures. 
The present invention combines the advantages of 

frequency shift keying for AC line noise immunity and 
a time delay alarm triggering circuit in an alarm system 
designed to transmit signals between remote locations 
over available power or communication lines. In addi 
tion to a selected alarm condition, the alarm system of 
the present invention also detects power failure within 
the system and generates an alarm signal indicative 
thereof. In the application of the present invention into 
livestock confinement buildings, power failure could be 
as significant a problem as other alarm conditions. For 
example, a power failure in a confinement building 
could precipitate a failure of environmental control 
apparatus that, if undetected, may severely affect the 
livestock. 

In the preferred embodiment, a plurality of alarm 
channels may be utilized. In one particular embodiment 
of the present invention, five separate alarm channels 
are connected between transmitter and receiver over 
convenient power lines. For each separate channel an 
independent RF generator circuit 20, modulator circuit 
18 and modulator disable circuit 24 are utilized in the 
transmitter 10 while separate receiver demodulator and 
rectifier circuits 26 and time delay circuits 28 are in 
cluded in receiver 12. Each channel has a preselected 
nominal frequency typically between 200 and 240 KHz. 
Each channel may be associated with an independent 
alarm condition as previously indicated. Detection of an 
alarm condition on either channel will generate a time 
delayed alarm signal. Additionally, the time delay cir 
cuit incorporated in the present invention maintains, 
during non-alarm conditions, a fully charged capacitor 
substantially eliminating any shelf life problems inher 
ent in electrolytic devices. Each receiver circuit is pro 
vided with a ceramic resonator in the detection cir 
cuitry that is substantially immune from frequency 
shifts occurring as a result of temperature or handling of 
the apparatus. 
We claim: 
1. An alarm system for monitoring selected condi 

tions at a remote location and providing a signal repre 
sentative of the presence or absence of an alarm condi 
tion at the monitored location or power failure at either 
monitored or monitoring location, comprising: 

(a) a transmitter at said monitored location, said trans 
mitter comprising: 
(i) frequency generator means for continuously 

generating a first output signal at a predeter 
mined nominal frequency; 

(ii) means for modulating the frequency of said first 
output signal; 

(iii) means responsive to an alarm condition at said 
monitored location for disabling said frequency 
modulating means; 

(b) a receiver at said monitoring location connected 
to said transmitter, said receiver comprising: 



4,148,020 
11 

(i) first circuit means for detecting the absence of 
modulation of said first output signal and gener 
ating a second output signal representative 
thereof; 

(c) second circuit means responsive to said second 5 
output signal of said first circuit means and to loss 
of power for generating a time-delayed signal rep 
resentative of said alarm condition or loss of 
power. 

2. An alarm system for monitoring selected condi- 10 
tions at a remote location and providing a signal repre 
sentative of the presence or absence of an alarm condi 
tion at the monitored location or power failure at either 
the monitored or monitoring location, comprising: 

(a) a transmitter at said monitored location, said trans 
mitter comprising: 
(i) frequency generator means for generating a first 

output signal at a predetermined nominal fre 
quency; 

(ii) means for modulating the frequency of said first 
output signal; 

(iii) means responsive to an alarm condition at said 
monitored location for disabling said frequency 
modulating means; 

(b) a receiver at said monitoring location, connected 
to said transmitter, said receiver comprising: 
(i) first circuit means for detecting the presence or 

absence of modulation of said first output signal 
and generating a second output signal represen 
tative thereof; 

(c) second circuit means responsive to said second 
output signal of said first circuit means and to loss 
of power for generating a time-delayed signal rep 
resentative of said alarm condition or loss of 
power, said second circuit means comprising: 
(i) switch means having a first state corresponding 

to non-alarm and power ON conditions and a 
second state corresponding to an alarm condi 
tion or power failure of said alarm system; 

(ii) time delay circuit means for switching said 40 
switch means between said first and said second 
states, said time delay circuit means having 
means for biasing said switch means in said first 
state in response to the presence of modulation of 
said first output signal and system power, said 45 
time delay circuit means operable a predeter 
mined time following receipt of a signal indicat 
ing absence of modulation of said first output 
signal or power failure to switch said switch 
means to said second state whereby said switch 
means generates an alarm signal. 

3. An alarm system in accordance with claim 2 
wherein said time delay circuit means further com 
prises: 

(a) a transistor having an emitter connected to a 
source of DC voltage of a first value, a collector, 
and a base; 

(b) biasing circuit means connected to said base, said 
biasing circuit means including a capacitor con 
nected in parallel with a voltage divider; 

(c) switch means for providing a source of DC volt 
age to said biasing circuit, said switch means hav 
ing a first position in which a voltage of a second 
value is supplied to said biasing circuit in response 
to the presence of modulation of said transmitter 
output signal and a second state in which said po 
tential applied to said biasing circuit has a third 
value representative of absence of modulation of 
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12 
said transmitter output signal or power failure at 
said monitored or said monitoring location. 

4. An alarm system in accordance with claim 3 
wherein said transistor is a P-N-P transistor and 
wherein said second potential is greater than said first 
potential, and wherein said third potential is zero, 
whereby under non-alarm and power ON conditions, 
said capacitor is charged to said second potential and 
said voltage divider generates a voltage on said base of 
said transistor greater than said first potential such that 
said transistor is turned OFF, and whereby upon appli 
cation of said third potential to said biasing circuit in 
response to an alarm or power failure condition, said 
capacitor discharges through said voltage divider until 
said first potential exceeds said voltage applied to said 
base thereby turning said transistor ON and generating 
an output signal on said collector representative of said 
alarm or power failure condition. 

5. An alarm system in accordance with claim 4 com 
prising: 

(a) a battery connected to said emitter of said transis 
tor to apply said first potential thereto; 

(b) rectifying circuit connected to a source of AC 
power for generating said second voltage potential 
applied to said biasing circuit. 

6. An alarm system for monitoring selected condi 
tions at a remote location and providing a signal repre 
sentative of the presence or absence of an alarm condi 
tion at the monitored location or power failure at either 
monitored or monitoring location, comprising: 

(a) a transmitter at said monitored location, said trans 
mitter comprising: 
(i) a ceramic resonator having an output signal with 
a nominal predetermined frequency; 

(ii) a timer circuit connected to said resonator for 
generating a frequency modulation signal; 

(iii) a capacitor selectively connected in parallel 
with said resonator; 

(iv) switch means connecting in series with said 
capacitor and responsive to said modulating sig 
nal for selectively connecting and disconnecting 
said capacitor in parallel with said ceramic reso 
nator whereby said output frequency of said 
resonator is modulated about said nominal fre 
quency at a rate corresponding to the frequency 
of said signal generated by said timer circuit 

(v) means responsive to an alarm condition at said 
monitored location for disabling said frequency 
modulating means; 

(b) a receiver at said monitoring location connected 
to said transmitter, said receiver comprising: 
(i) first circuit means for detecting the presence or 

absence of modulation of said output signal of 
said ceramic resonator and generating a second 
output signal representative thereof; 

(ii) second circuit means responsive to said second 
output signal of said first circuit means and to 
loss of power for generating a time-delayed sig 
nal representative of said alarm condition or loss 
of power. 

7. An alarm system in accordance with claim 6 
wherein said means responsive to alarm condition com 
prises switch means connected between said timer cir. 
cuit and said switch means for shunting said modulating 
signal to ground in response to the presence of an alarm 
condition. 

8. An alarm system for transmitting an alarm signal 
between remotely located points, comprising: 
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(a) a transmitter, said transmitter having means for second state following a predetermined time 
generating a first signal in response to detection of following receipt of said second signal or power 
an alarm condition; failure. 

(b) a receiver connected to said transmitter and hav- 9. An alarm system in accordance with claim 8 
ing means for detecting the presence or absence of 5 wherein said time delay circuit means comprises: 
said first signal and generating a second signal rep- (a) a transistor having an emitter connected to a 
resentative of the presence of said first signal; and source of DC voltage having a first value, a collec 

(c) an alarm trigger circuit having a circuit means tor, and a base; 
responsive to said second signal and to loss of (b) biasing circuit means connected to said base, said 
power for generating a time-delayed alarm signal, 10 biasing circuit means including a capacitor con 
said alarm trigger circuit comprising: nected in parallel with a voltage divider; and 
(i) switch means having a first state corresponding (c) switch means for providing a source of DC volt 

to non-alarm and power ON conditions and a age to said biasing circuit, said switch means hav 
second state corresponding to an alarm condi- ing a first state in which a voltage of a second value 
tion or power failure of said alarm system; and 15 is applied to said biasing circuit and a second state 

(ii) time delay circuit means for switching said to which said switch means is switched in response 
switching means between said first and said sec- to said second signal or power failure, said switch 
ond states, said time delay circuit means having means in said second state applying a voltage of a 
means for biasing said switch means in said first third value to said biasing circuit. 
state and switching said switch means to said 20 
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